
Polarized	
  3He	
  Source	
  
Development	
  	
  

at	
  MIT	
  
	
  •  Development	
  of	
  a	
  design	
  concept	
  to	
  produce	
  polarized	
  

3He++	
  using	
  exis9ng	
  EBIS	
  
•  In	
  the	
  process	
  of	
  pu?ng	
  together	
  a	
  laboratory	
  on	
  the	
  

MIT	
  campus	
  to	
  support	
  the	
  realiza9on	
  of	
  this	
  source	
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Mo9va9on	
  

•  Polarized	
  3He	
  is	
  an	
  effec9ve	
  polarized	
  neutron:	
  magne9c	
  
moment	
  approximates	
  that	
  of	
  free	
  neutron	
  so	
  exis9ng	
  
spin	
  manipula9on	
  in	
  RHIC,	
  which	
  was	
  designed	
  for	
  
protons,	
  will	
  also	
  work	
  for	
  polarized	
  3He	
  

•  With	
  polarized	
  3He	
  beams	
  in	
  RHIC,	
  new,	
  high-­‐energy	
  QCD	
  
studies	
  via	
  polarized	
  neutron	
  collisions	
  become	
  possible	
  	
  

•  Tests	
  of	
  the	
  standard	
  model	
  in	
  a	
  new	
  electron-­‐ion	
  
collider	
  eRHIC	
  become	
  possible	
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History	
  

•  8	
  par9cle	
  µA,	
  10%	
  polariza9on	
  -­‐	
  3He+	
  
–  Rice	
  University,	
  1969	
  	
  (Metastability	
  exchange	
  op9cal	
  
pumping)	
  	
  

•  50	
  par9cle	
  nA,	
  65%	
  polariza9on	
  -­‐	
  3He+	
  
–  University	
  of	
  Birmingham,	
  UK,	
  1973	
  (Lamb-­‐shie)	
  

•  100	
  par9cle	
  nA,	
  95%	
  polariza9on	
  -­‐	
  3He+	
  
–  Laval	
  University,	
  Canada,	
  1980	
  (Stern	
  Gerlach	
  method)	
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Another	
  Approach	
  
-­‐  8µA,	
  10%	
  polariza9on	
  
-­‐  Singly	
  charged	
  
-­‐  Rice	
  Univ.,	
  1969	
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Goal	
  
•  ≈	
  3x1012	
  /sec	
  (500	
  par9cle	
  nA),	
  70%	
  polarized	
  3He++	
  into	
  RHIC	
  

•  To	
  produce	
  a	
  polarized	
  3He++	
  source	
  using	
  the	
  exis9ng	
  
Electron	
  Beam	
  Ioniza9on	
  Source	
  (EBIS)	
  at	
  BNL	
  

•  Requires	
  a	
  source	
  of	
  polarized	
  3He	
  atoms	
  which	
  are	
  directed	
  
into	
  the	
  EBIS	
  

•  Pulsed	
  structure:	
  ≈	
  1	
  second	
  pulse,	
  ≈	
  3	
  seconds	
  off	
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Metastability	
  Exchange	
  Op9cal	
  Pumping	
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Mature	
  technology	
  
•  Can	
  deliver	
  highly	
  polarized	
  (≈	
  90%),	
  pure	
  	
  samples	
  of	
  ≈	
  1018	
  atoms	
  

of	
  3He	
  gas	
  in	
  ≈	
  10	
  seconds.	
  

•  Commercially	
  available,	
  powerful	
  lasers	
  at	
  1.083	
  μm	
  

•  Nuclear	
  and	
  par9cle	
  physics	
  targets	
  developed	
  (Caltech,	
  MIT,	
  
Mainz)	
  and	
  successfully	
  u9lized	
  (MIT-­‐Bates,	
  NIKHEF/AmPS,	
  	
  

	
  	
  	
  	
  	
  DESY/HERMES,	
  Mainz)	
  

•  Used	
  in	
  medical	
  imaging	
  (Mainz)	
  and	
  as	
  a	
  neutron	
  polarizer	
  (ILL)	
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MEOP	
  at	
  High	
  Magne9c	
  Field	
  
•  Developed	
  in	
  the	
  last	
  decade	
  for	
  medical	
  
applica9ons	
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MEOP	
  at	
  High	
  Magne9c	
  Field	
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Electron	
  Beam	
  Ioniza9on	
  Source	
  

•  5T	
  Solenoidal	
  field	
  
•  1.5	
  m	
  ion	
  trap	
  

	
  

• 	
  10A	
  of	
  20	
  keV	
  electrons	
  
• 	
  575	
  A/cm2	
  current	
  density	
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Electron	
  Beam	
  Ioniza9on	
  Source	
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Choice	
  of	
  loca9on	
  of	
  pumping	
  cell	
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Concept	
  

•  Locate	
  3He	
  gas	
  in	
  a	
  glass	
  pumping	
  cell	
  in	
  the	
  fringe	
  field	
  of	
  
the	
  EBIS	
  solenoid	
  (field	
  ~	
  0.1	
  Tesla)	
  

•  Polarize	
  gas	
  at	
  ~	
  1	
  torr	
  pressure	
  in	
  pumping	
  cell	
  using	
  
metastability	
  exchange	
  op9cal	
  pumping	
  

•  Measure	
  polariza9on	
  in	
  pumping	
  cell	
  using	
  pump-­‐probe	
  
technique	
  

•  Feed	
  polarized	
  atoms	
  via	
  calibrated	
  leak	
  in	
  pumping	
  cell	
  
along	
  tube	
  into	
  EBIS	
  

•  Plan	
  to	
  test	
  concept	
  by	
  collec9ng	
  sample	
  of	
  atoms	
  at	
  end	
  of	
  
beam	
  tube	
  and	
  measuring	
  their	
  polariza9on	
  using	
  NMR	
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Details	
  

•  ≈	
  106	
  bounces	
  in	
  1	
  meter	
  long	
  transfer	
  tube	
  
•  Negligible	
  wall	
  depolariza9on	
  
•  Transfer	
  9me	
  ≈	
  1	
  msec	
  
•  Configure	
  test	
  where	
  polarized	
  atoms	
  are	
  contained	
  in	
  storage	
  cell	
  at	
  

the	
  end	
  of	
  the	
  transfer	
  line	
  –	
  can	
  measure	
  the	
  loss	
  of	
  polariza9on	
  using	
  
NMR	
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1	
  mbar	
  

≈10-­‐7	
  torr	
  

2	
  mm	
  dia.,	
  1	
  meter	
  length	
  

0.1	
  mm	
  dia.,	
  3	
  mm	
  length	
  



3He	
  Polariza9on	
  Measurement	
  in	
  
Pumping	
  Cell	
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C.	
  Talbot	
  et	
  al.,	
  ENS	
  Paris	
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Depolariza9on	
  
•  Wall	
  bounces	
  
•  Magne9c	
  field	
  gradients	
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Magne9c	
  Field	
  Gradients	
  
•  ≈	
  0.1T	
  Field	
  outside	
  EBIS	
  (solenoid	
  fringe)	
  

•  Contains	
  strong	
  gradients,	
  depolariza9on	
  in	
  ≈	
  	
  1	
  second	
  
	
  
•  Cancella9on	
  coil	
  is	
  necessary	
  to	
  prevent	
  quick	
  depolariza9on	
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Coil	
  proper9es	
  

•  6,000	
  A,	
  25	
  cm2	
  (air	
  cooled)	
  

•  45	
  cm	
  x	
  50	
  cm,	
  rectangular	
  

•  Relaxa9on	
  9mes	
  ~600	
  seconds	
  (more	
  
than	
  sufficient)	
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Reversing	
  the	
  Polariza9on	
  
•  Simultaneously	
  reverse	
  the	
  circular	
  polariza9on	
  of	
  the	
  

pumping	
  light	
  and	
  reverse	
  the	
  polariza9on	
  of	
  the	
  atoms	
  in	
  the	
  
pumping	
  cell	
  via	
  adiabaAc	
  fast	
  passage	
  NMR	
  in	
  ≈	
  1	
  sec	
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Atomic	
  Processes	
  in	
  EBIS	
  
•  Ioniza9on	
  in	
  EBIS:	
  	
  1010	
  MeV/sec	
  deposited	
  by	
  the	
  electron	
  beam	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  100x	
  the	
  power	
  needed	
  to	
  fully	
  ionize	
  all	
  extracted	
  ions	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3He	
  will	
  be	
  fully	
  ionized	
  in	
  EBIS	
  to	
  3He++	
  
•  What	
  processes	
  inside	
  EBIS	
  can	
  cause	
  depolariza9on?	
  
•  Charge	
  exchange:	
  3He+	
  +	
  3He++	
  	
  	
  →	
  3He++	
  +	
  3He+	
  	
  

–  σ	
  ≈	
  10-­‐16	
  cm2,	
  approximate	
  rate	
  107	
  s-­‐1	
  
•  Recombina9on:	
  e-­‐	
  +	
  3He++	
  	
  →	
  3He+,	
  which	
  can	
  depolarize	
  

–  Radia9ve	
  3-­‐body	
  process:	
  unlikely	
  
–  Factor	
  of	
  1/α2,	
  σ	
  ≤	
  10-­‐20	
  cm2	
  	
  

•  Spin-­‐exchange	
  collisions:	
  
–  For	
  H,	
  σ	
  =	
  10-­‐14	
  cm2;	
  He++/He+	
  should	
  be	
  much	
  lower	
  	
  

•  Are	
  there	
  other	
  processes? 
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Major	
  tasks	
  ahead	
  
•  Polarize	
  sealed	
  cells:	
  	
  V≈100cm3	
  to	
  P≈80%	
  

•  Develop	
  feed	
  system	
  with	
  a	
  calibrated	
  leak	
  

•  Develop	
  pump-­‐probe	
  measurement	
  of	
  polariza9on	
  

•  Construct	
  test	
  at	
  BNL	
  using	
  EBIS	
  solenoid	
  

•  Measure	
  polariza9on	
  of	
  sample	
  of	
  atoms	
  using	
  NMR	
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Summary	
  
•  Concept	
  developed	
  to	
  deliver	
  polarized	
  3He	
  atoms	
  to	
  the	
  

exis9ng	
  EBIS	
  with	
  high	
  polariza9on	
  at	
  the	
  required	
  flow	
  rate	
  

•  With	
  careful	
  loca9on	
  and	
  configura9on	
  of	
  the	
  polarized	
  atom	
  
source	
  depolariza9on	
  effects	
  es9mated	
  to	
  be	
  small	
  

•  Source	
  construc9on	
  ge?ng	
  underway	
  with	
  goal	
  to	
  carry	
  out	
  
test	
  on	
  EBIS	
  solenoid	
  

•  Post-­‐doctoral	
  research	
  support	
  cri9cal	
  to	
  make	
  progress	
  in	
  a	
  
9mely	
  way.	
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